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Abstract 



Q ' In this work we show how nonhnear point-coupUng models, described by a Lagrangian density 

Ph ' that presents only terms up to fourth order in the fermion condensate (?/''0)) are derived from 

a modified meson-exchange nonlinear Walecka model. The derivation can be done through two 
distinct methods, namely, the hypermassive meson limit within a functional integral approach, 
and the mean-field approximation in which equations of state at zero temperature of the nonhnear 
point-coupling models are directly obtained. 



PACS numbers: 



I. INTRODUCTION 



The point- coupling interaction problem was first addressed in the early thirties by L. 
H. Thomas [1] investigating the range of the two-nucleon force. As a side remark of his 
work, he observed that when the range of the two-body force goes to zero with the two-body 
binding energy kept fixed the binding energy of the quantum-three-body state goes to minus 
infinity. Decades later, a new and apparently not related three-body effect was proposed 
by Efimov [21]. When a quantum two-body system has a zero energy bound state then 
the three-body system will have an infinite number of bound states with an accumulation 
point at the common two and three body threshold. Both, the Efimov and the Thomas 
effects are universal, since the associated three-body wave functions have long tails in the 
classically forbidden region outside the range of the potential. In a unified momentum space 
description, based on ideas of Amado and Noble [3|, it has been claimed that these two 
apparently different effects are related to the same singular structure of the kernel of the 
Faddeev equation [^ . On the other hand, in appropriate units, the presence of one of these 
effects implies the presence of the other y, |5|. The Thomas- Efimov effect explains very 
well some few-body correlations 



different nuclear matter models 



:6| and is conjectured to be behind the Coester band [TJ for 
8|. 

Since relativistic hadronic point-coupling models, that have been used in the description 
of infinite nuclear matter, and finite nuclei as well [9| , can be viewed as a connection between 
the well established finite range relativistic models and the Skyrme ones 9|, a better under- 
standing of their structure becomes of interest when an im por tant theoretical challenge is 
to construct a universal nuclear effective density functional 10|. 

In this work we deal with a specific nonlinear point-coupling model (NLPC) described by a 
Fermionic Lagrangian density with interaction terms in third and fourth powers of the scalar 
density operator, that we have used in Ref. ll| in a comparative study with the standard 
nonlinear Walecka model(s), and in Ref. 12|], in which after taking its nonrelativistic limit, 
a generalized Skyrme energy density functional was obtained. 

We focus on the derivation of the NLPC model from finite range ones in two different 
ways. First, we present the infinitely massive meson limit within the formal point of view 
of the integral functional approach. This method shows in a clear fashion the equivalence of 
the usual Walecka model to the linear point-coupling one. However, contrary to this case. 



NLW models are thereby not formally equivalent to NLPC ones. Therefore, we pose the 
question on how NLPC models can be derived if one insists in a meson exchange model as 
their origin. To answer this question, we construct a modified nonlinear Walecka (MNLW) 
model in which the limit of infinite meson masses leads exactly to the Lagrangian density of 
the NLPC model. This MNLW model includes terms of third and fourth powers of the scalar 
meson field, together with terms in lower powers of the fields coupled to the Fermionic scalar 
density operator. Preliminary results on the use of this hypermassive meson limit have been 
presented in Ref. 13|. 

The traditional mean-field approximation, implemented with some physical requirements, 
is an alternative way to construct the NLPC models from the MNLW ones. In this case we 
show that the equations of state of the MNLW models, relating energy, density and pressure, 
are exactly the same of the NLPC ones. 

We can thus synthesize the study of the NLW, MNLW, and NLPC models through the 
following diagram 



other terms 



NLW ■ H MNLW 

^ 



\ hypermassive limit 
numerical^ ~^ 



mean— field 



NLPC 



where the numerical equivalences between NLW and NLPC models have been analyzed in 



Ref. [ilj, and the different connections among MNLW and NLPC models will be studied in 



this work at an analytical level. 

This work extends the study presented in [ll|, [l3J through the following points: 

• A detailed and rigorous derivation of the point-coupling models from the modified NLW 
ones is done by using the hypermassive meson limit in the functional integral method. From 
this approach we show how the linear PC models can be obtained from the Walecka one(s), 
and in the same way, how the MNLW model(s) generates the NLPC one(s). 

• The mean-field approach in the no-sea approximation is also used to construct the equa- 
tions of state (EOS) of infinite nuclear matter of the MNLW model. In this approximation 
we show that these EOS are exactly the same of the NLPC ones. 

Our paper is organized as follows. In Sec. II by using a functional integral formalism we 



derive the linear point-coupling model from the Walecka one. The same study is extended 
to obtain the NLPC models from the MNLW ones. In Sec. Ill we explicitly derive the 
equations of state of the MNLW model. Finally, the main conclusions are summarized. 

II. HYPERMASSIVE MESON LIMIT 

A. Linear point-coupling model from the Walecka one 



We start with the Walecka model Lagrangian density given by 



H 



- gv^i'v.i^ (1) 

where Ff"" = d^^V - d^V" . 

In this Lagrangian, ■?/', and V^ are the nucleon, scalar and vector fields respectively and 
M , iTLs and m^, refer to bare nucleon and the mesonic a and u masses respectively. 

The fermionic, scalar and vector fields constitute an irreducible set of generators 
{if), ijj, (j), V^} of the intrinsic local algebra of fields of the model, A. The polynomial al- 
gebra of intrinsic fields allows for the construction of the net of Wightman functions. From 
the Wightman functions of the polynomial algebra of intrinsic fields the physical Hilbert 
space is reconstructed, H = A|0), thus defining the physical content of the model |15 |. 
Under this setting an equivalence of models should be understood as an assertion on the 
isomorphism of their physical Hilbert spaces. This kind of equivalence is extremely rare to 
occur. It is believed to occur in the context of duality transformation and is witnessed in the 



context of two-dimensional field theory as in the bosonization phenomenon 16|]. In establish- 



ing this isomorphism, operator and functional integral methods are usually complementary 



tools (l7| 



Our concern here, however, is with much less stringent equivalences. We shall, first, 
derive an equivalence of the usual Walecka model to the linear point-coupling model with 
terms of second order in the fermionic density and vector current (fourth order in the fermion 
fields). This is not an equivalence of the Hilbert spaces but of the physical content of the 
models amenable to mean-field procedures. The mean-field procedures start from discarding 
the kinetic terms for the scalar and vector fields what is related to the infinite limit of 



the masses of the bosons. The derivation of this equivalence will be provided here using 
functional integral methods. The presentation of this treatment at length in this section 
for this case is motivated by the need of clarifying the ideas to be used later in the case of 
interaction Lagrangian models, which contains higher power of the mesonic fields. It will be 
thus distinguished what is and what is not valid for these more involved models. 

We start by constructing the generating functionals within the functional integral for- 
malism from which the correlation functions are obtained. We will then use this formalism 
to connect the Walecka model to the linear point-coupling model. 

For the Walecka model, the generating functional is given by 

W^[J,/l^,r/,r/] = N f[D^][D^][DV''][D<p] e^^^ (2) 

with 

N~^ = fd^xe'^, (3) 

S = d'^x Cw and (4) 

Ss = d'^x [Cw + Af,{x)V^'{x) + J{x)(j){x)+f]{x)'^{x)+ri{x)ilj{x)] (5) 

where y4^(x), J{x), ri{x) e fi{x) are the sources for vectorial (V^'*), scalar (0) and spinorial 
{ip and tp) fields respectively. Ss and S are the actions with and without the source terms. 
Here it will be important to make the definitions V^ = myV"^, (p' = nisCJ) ., G'^ = Qs/ms, 
G'y = gv/my , A'^ = A^/mv and J' = J/nis. With these definitions we can write 

1 ,, 1_ 

where 



^w = dw + ^''^'^i^'^ - -^^^"^^'^^ ^ ^'w + U{ct>'. V'n (6) 



pit^^ = d^V" - d^V'^ and (7) 

C'^ = ^{t^'^d, - M)i, - ^0'2 + ]^V'^V'^ - G'M'i^ - G'yi^l^Vli, . (8) 

Now, the generating functional Eq. ([2]) may be written in the following form, 

d^x U{(t)', V'^") + S's 



W[J',A'r^,T]] = N I [DnDnDV'^]W] e 



(9) 



where 

S's = I d^x [C'y^, + A'^{x)V'>'{x) + J'{x)(t)'{x) + f]{x)i){x) + ri{x)^{x)\ . (10) 



In order to make contact with mean-field methods we consider the hmit in which the mesonic 
masses become very large, allowing that terms involving l/ml and l/rriy may be treated 
perturbatively in a generating functional expansion. It is in this perspective that we identify 
the fields in U{(j)', V^) with the respective functional derivatives, 



[/(0', v'n 



2m1 
1 



d^<P'd.<P' - 



Amy 



5J> 



Am 



fJ,U 



d' 



(11) 



y 



M' 



d^ 



bM 



Ui± 



6 



SJ" SA' 



which allows us to write (19]) as 



W[J',A'r],f]]=Ne 



[/"''"i^Mj 



[DiP][Di;][DV'''][D^'] e 



iSL 



(12) 



Up to now we have not changed the physical content of the Walecka model but merely 
rewritten the generating functional in a form suited to a non standard expansion. We 
consider in the following the zero order term of the expansion of the generating functional 
by using 



d'^xU [ -- 



5 6 



6J'' 6A' 



1, 



(13) 



so that 



WMF[J',A'r],r]] = N 



[D'iIj][DiP][DV'^'][D^'] e'^'s (M) 

in which the kinetic terms associated to the mesonic fields are neglected and Wmf refers to 
the generating functional associated to mean- field treatment. 

It is important to analyze the situation once again from the view point of the structural 
properties of the model. In the start the intrinsic algebra of fields was generated by the 
irreducible set of fields Si = {ip, ip, 0, V^}. Now, in the zero order approximation, since the 
mesonic kinetic terms have been suppressed, the equations of motion will allow to express, 
in this case explicitly, the mesonic fields in terms of the fermion densities. The algebra of 
fields has been turned on a reducible algebra and the irreducible algebra of fields is now 
constructed from the fermionic fields only S2 = {ipjip}- This seems to be a mathematical 
counterpart of the spirit of mean- field treatment. Of course the mesonic fields are still in 
play in the dynamics of the model, since they are still coupled to the fermionic fields, but 



we have lost control on the independent degrees of freedom associated to the mesonic fields. 
The physical picture associated to this mathematical aspect will be discussed at the end of 
this and the next subsections. 

We proceed to the last step of the process, expressing the mesonic fields in terms of the 
fermion degrees and expressing the dynamics solely in terms of fermion fields. We do this in 
the functional integral formalism by decoupling the mesonic fields reducing them to auxiliary 
fields devoid of physical content. To decouple them, we will proceed with a transformation of 
the mesonic fields to the auxiliary ones. Before this, since we are not interested in analyzing 
the mesonic correlation functions we will do J'{x) = A'^{x) = in Eq. (ITU|) . With this 
condition and the following identities, 






Eq. (ITOl) may be rewritten as 



5' 



d^x 



^{z^'-d, - M)ij - ;(0' + G'.^^y + ^Gf (^^)2 



1 

2/ 



+ liV'^ - G'y^pri^y - ^G'y'iij^^y + r/(x)V^(x) + r/(x)^(x) 



Now, we define the change from the variables (p' and V^ to A and R^ 



(15) 
(16) 



(17) 



A = (f)' + G',tPij 



(18) 
(19) 



With this the generating functional, Eq. flMJ) . becomes 

W['r],f]] = N [DX]e J 2 i [DRf^] e J 2 ^ I [DiP][D^Ij] e'^s , (20) 



where 



M / [Dij][Dij\ e'^s 



(21) 



S" 



d^x 



iS" 



i,{ird, - M)^ + ^G'.'i^i;)' - ]^G'y\i,^^i,f 



and 



d X 



i^it^d, - M)^ + \G',\i^i;f - hG'y\^^^^f + # + # 



(22) 
(23) 
(24) 



Now, the Lagrangian density associated to Eqs. (I23|) - (l2^ is given simply by 

Lpc = ^{^Yd, - M)^ + ^G'^'i^^)' - ^-G'y'{^r^)\ (25) 

presenting no mesonic fields. 

Let us remark here that the decoupling procedure is just the integration off of the mesonic 
fields leading to contributions in the Lagrangian density, Eq. ( |25|) . that are quadratic in 
the fermion density and fermion vector current. Indeed Eq. fl20l) expresses the auxiliary 
character of the mesonic fields. Their contribution, in the zero order approximation, is 
resumed in the quadratic terms, and no true quanta can be assigned to the mesons in this 
approximation. We have obtained thus a rigorous derivation of the equivalence between the 
linear point-coupling model and the zero-order approximation to the Walecka model. This 
means an equivalence between the fermion correlation functions, and Wightman functions, 
of the models. A reconstruction of the Hilbert space of the zero-order Walecka and linear 
point-coupling models will lead to an isomorphism of their Hilbert spaces. On the other 
hand, this implies a rigorous derivation of the equivalence between the mean-field Walecka 
model and the linear point-coupling one. It means that both models will lead to the same 

n 

equations of state as has been pointed out in [18|. From the physical point of view it should 
be said that the meson degrees of freedom are not excited in the infinite mass limit. This is 
the physical mechanism that leads to the isomorphism of the Hilbert spaces of the models 
that were pointed here. 

B. NLPC model from the MNLW ones 

In the previous section we have shown that the point-coupling model was obtained from 
the Walecka one in the limit of hypermassive mesons. To improve the experimental finite 



model 



nuclei 19 1 and infinite nuclear matter bulk properties, the well known nonlinear Walecka 



20| adds cubic and quartic scalar self-coupling to the Walecka model. 



Cnlw = Cw- -^(j)^ - !</>'. (26) 

Indeed, there is a family of acceptable NLW models which differ in respect to how the A 



and B free parameters are chosen to fit different experimental nuclear data 2l|]. As we have 



pointed out before, higher order point-coupling models involving {ipipY ^^^d {ipipY (NLPC) 



have been also successfully applied to finite nuclei 

8 



J9|. 



Still at the finite range level, i.e., finite meson masses, different kinds of Walecka-type 



models such as variants of NLW ones 



22 



23|, with density dependent coupling constants |24| . 



and the linear chiral model [25j| , were also used in the description of nuclear frameworks. The 



NLW models derived from a quark model perspective can be found in Ref . 26| . Particularly, 
the authors show that the Walecka model is the limit of infinite quark mass, where the 
quarkdynamics freezes. 

The question we pose in this section is whether a NLW model, Eq. ( 126|) . leads to a 
nonlinear point-coupling model in the limit of infinite meson masses, which includes cubic 
and quartic self-fermionic terms, 

C-NLPc = ^{^rO, - M)^ + ^G'^'i^^)' - ^G'y'iijri^y + ^iij^)' + ^{^^)\ (27) 

The answer is not. Indeed reproducing the procedure of the last section instead of equation 
( IT^ with ( IT71) we obtain, integrating away the vectorial field 

Wmf-nl[v,v] =N f[D^][Dij][D<f)'] e^^^-iv. (28) 



with 



^S-NL — I d X 



^P{^r^, - M)^ - ^(0' + G',i,^f + \G',\i,i,f 



.|0'3 _ 1^,4 _ }_Q^^2^^^,^Y ^ ^(^)^(^) + ^(3;)^(a;) 



(29) 



Now the functional integral for the field 0' can not be explicitly performed and all we 
can say is that it gives rises to an unknown functional of ipip. With this the identification 
between NLW and NLPC fails. That is we can not assert the formal equivalence between 
NLW and NLPC even at the restricted sense of zero-order expansion in the kinetic terms. An 
approach, that connects the NLW and NLPC models, has been nicely performed in Ref. [27| 
where the authors use an expansion in the meson propagators treating the nonlinearity in 
the field by an iterative process. 

In order to gain a deeper understanding on how to obtain the NLPC model, Eq. fl27|) . 
in the meson hypermassive limit, we consider here a modification of Cnlw that includes 
second and third powers of the scalar meson field coupled to the appropriate powers of the 
Fermion scalar density, which allows to decouple the scalar meson field, when the scalar 
mass goes to infinity. 



We consider then the modified nonhnear Lagrangian, 

Cmnlw = ^w + -Cs + £4 
where 



£3 = -^ 

^ 3 



m 



2\ 3 






mz, 



2\ 2 

s \ j,2„ 



.m: 



Qs J \9s J Qs 



and 



m 



2\ 4 



m: 



2\ 3 

s \ ^3„ 



9s J \9s J \9s J 9s 



m. 



2\ 2 

s \ i2/T,\2 



,mz 



(30) 

(31) 
• (32) 



The generating functional for this Lagrangian is the same given by Eq. ([2]) with Cw 
substituted by Cmnlw- 

By using again the definitions for V'^, 0', G^, G'y, A'^ and J', we see that Eq. ( 130|) 
becomes 

(33) 

(34) 



^Uw + ^'3 + ^'4 + W,^"^) 



where 



C-'mnlw = i'i^l'd, - M)^ - U'^ + \v'^V'^ - G'M'i' - G'vh^yl^ , (35) 






A' 

y 

B' 



/,'3 I 3 ,2 



^7^<P'" + 7^'/'"^^ + J7<^'(^^)' 



A'2/7„/,\2 I 4 J,//'„7;,/,\3 



^0'^ + ^0'^^V + ^0"(^V^)' + -^ct^\m 
with U{(j)',V'^) given by Eq. (ITT]) . Therefore, the generating functional can be rewritten 



(36) 
(37) 



W[J\A'r],r]] = N / [DV-lMl^^^^liW] e 



d^x U{(t)', V'^") + S's 



(38) 



where 



5;, = y d'x [C'^ir^LW + 4 + 4 + ^;(a:)V^'^(a:) + J\x)<P\x) + r7(x)^(x) + r/(x)V5(x)] . 

(39) 
Again, t/(0', K'^) will be treated perturbatively in the generating functional. The zero order 
approximation, Eq. (TT^ . leads to 

W[J',4,77,77] = AT j [DiPWD^WDV^^WDct)'] e^'s . (40) 



10 



As we have done previously, we will discard the control on the niesonic correlation func- 
tions by taking J\x) = A'^{x) = in Eq. fl39l) . Now, together with Eqs. (fT5|) - flT6|) we will 
use the following set of identities, 



y 



^'/>'' + Ji'^''^^ + Jr'^'(^^)' 



■^(0' + g;^^)3 + ^(^^)^ 



(41) 



T 






B' 



AG: 



-{<p' + Cij^y 



(42) 



which allows us rewrite Eq. f l39|) as 



S' 



d^x 



i,{i^^d, - M)^ - i(0' + G',i,i,f + ^Gf (V^V^)2 



1 



A' 



A' 

3 , ^ (J.„L\'i 



+ 2(^"' - G"y^7'^^)' - ^-G'y\i,^^ijf - ^(0' + G'.^P^f + y (^^) 
^^(</)' + G^^V'V')' + ^(V'V')^ + ^(a;)V'(x) + r7(x)V5(a;) 



(43) 



If we define once again the change of fields leading to the auxiliary fields. 



A = 0' + G">7/' 



(44) 
(45) 



we will have for the niesonic field integrals in Eq. f l38|) the following forms 

B' 



W] e 



i d X 



A^ 
3G1 



1(0' + G'.^^f + ^(0' + G;v^^)3 + ^(0' + G">^)^ 



4G1 



[D\] e 



i d X 



1a2 + ^A^ + _^A^ 
2 3G1^ 4G"/ 



and 



[DV^''^] 



i / d'^x -{V^ - G'ytpY^) 



[Di?^] e 



i / d^x -R^K 



The identities and translations above allows to rewrite the Eq. f HU]) as 



(46) 



(47) 



W[r],f]\ =M [D^][D^Ij] e 



JS'^ 



(48) 



11 



where 

r-l I rn„;.irn„7;i JS" 



M-^ = [D^][D^]e'^ , (49) 



S" = / d'^x 



S'^ = I d^x 



B' 



^{i^^d, - M)i, + \G',\i,^f - \G'y\^Y^f + y (^^)=^ 



(50) 



+ — ijpipY + rj{x)ip{x) + rj{x)ip{x) 



(51) 

The Lagrangian density contained in Eqs. fl50|) - fl5T|) describes the fermionic nonhnear 
point-couphng model we have aimed. We have seen that the generating Lagrangian to 
obtain the NLPC model through the mesonic hypermassive limit is Cmnlwi given by Eq. 
( I30ll and not Cnlw as could be naively expected. 

Let us perform here an analysis based upon the structural properties of the model. We 
are not asserting here an equivalence of NLPC and MNLW models. The Hilbert spaces of 
both models are not isomorphic. But the zero order expansion of the MNLW model has been 
exactly mapped onto the NLPC models. Once again from the view point of an structural 
analysis the irreducible algebra of fields of MNLW composed of the polynomial algebra of the 
fermion and meson fields becomes reducible in the zero order approximation. The mesonic 
fields turn out to be functions of the fermion fields and the irreducible algebra is composed 
solely of the fermion field algebra. In the language of functional integrals this is implemented 
by the decoupling of the auxiliary fields A and R^. The equations of motion of the auxiliary 
fields bring about the functional relation between the original mesonic fields and the fermion 
bilinears. Contrary to the linear case treated in the preceding section now the equations of 
motion do not demand A = and R^ = 0. The equations for the auxiliary fields includes, 
in principle, other roots besides the trivial ones. Actually, as we will discuss in the next 
section, the equations of state of the MNLW model in the mean-field approximation, depend 
on the mean value of the auxiliary field A and differ from those of the NLPC model only by 
the terms containing this field. However, the physical requirement of vanishing pressure at 
zero Fermi momentum is satisfied only by the trivial solution for the auxiliary field A. 

Another aspect that should be stressed is concerned to the renormalization properties 
of the models. The infinite mass expansion that is done here effectively changes the power 
counting dimensions of the mesonic fields. Since their kinetic terms are discarded, there 
appear no inverse powers of the momenta in their propagators in the ultraviolet region. 

12 



The result is that the Cnlpc models are non-renormalizable while the Cnlw are (power- 
counting) renormalizable. The physical reason for this change shall be emphasized: our 
approximation freezes the meson degrees of freedom that are necessary to render the Walecka 
model (power-counting) renormalizable. 

III. MEAN-FIELD APPROXIMATION 

Now we perform an alternative procedure to derive the NLPC model from the meson- 
exchange MNLW one. Here we perform the largely used mean-field approach (MFA), instead 
of the infinite meson mass limit taken in the previous section. We also use the no-sea 
approximation, i.e., we consider only the valence Fermi states. We will show that the EOS 
of the MNLW model are exactly the same of the NLPC one. 

For infinite nuclear matter the energy density, and pressure of the NLPC models are given 
respectively by 

2'^V P + 2^s Ps + 3^ Ps + ^^ Ps + ^2 

and 



S = tG'y'-p^ + iG'/p^ + U'pI + -B'pI + -L / e(e + M-y-dk (52) 



p - \G:y - \cf^A - \a'A - \b'A + ^ / ' (^iT^. (53) 

with the vector, and the scalar density defined as 

p = ^ j Pdk and (54) 

27r Jo 

Ps = 1^ 77^-r7l2TT77^'^^' (55) 



27r2 7o (fc2 + M*2)i/2 
with kp being the Fermi momentum, 7 = 4 for symmetric nuclear matter and 7 = 2 for 

neutron matter. The nucleon effective mass reads 

M*^M- G'.'ps - A'pI - B'pI (56) 

Let us now start with the derivation of the MNLW equations of state first rewriting its 
Lagrangian, Eq. f l30|) . as follows 

B' fml - Y B' ,- ,4 

- -J (^^0 + ^^ j + ^ (^^) • (57) 

13 



By knowing that a field translation does not alter the physical content of the model, we 
define 

2 
T77 — 

A = -^(j) + i)i) . (58) 

9s 

With this definition, the MNLW Lagrangian acquires the following form, 

Cmnlw = ^ {tYd^ - M) ^ - ^F'^^F^. + \mlV^V^ - gv^YV^^ - ^G'/A^ 

+ ^ {d'-X - 9^V^^) {d,\ - d^i;^) , (59) 

where G'^ = gs/riis. 

In the MFA, the scalar and vector mesonic fields are replaced by their average values, 

A ^ (A) = A (60) 

V -^ {V^') = 5^V° . (61) 

Still in this approximation, we use the ipip ground-state expectation value. It is also assumed 
that the system is spatially uniform, so that the derivative terms of A and ipip disappear. 
Therefore, Eq. (1591) becomes, 

-yA3 + y(^^)'-fA^ + f (^^)'- (62) 

The independent fields of this theory may be taken as A, ip, ip and V^. From the Euler- 
Lagrange equations one obtains the equations of motion for the fields, 

A(Gf + A'A + 5'A2) = 0, (63) 

Vo = ^i^loi^ (64) 

and 

[il^d, - gvi'^Vo - (M - G'/(^V^) - A'ii^ij)^ - B' {ijij)')]ij = . (65) 

Now, substituting ipip and ip'^^ip by their respective mean values, we have 

fi'v / 7 , \ 9v 



niy ' 'my 



^0 = ^^j- (V^7oV^> = ^^P (66) 

14 



and consequently, Eq. (165|) may be rewritten as 



..Or" 2 



[i^d, - I'G'y'p - (M - G'/p, - A'pI - B'pI)]^ = 



(67) 



where G'y = gy/my, G'^ = gg/mj., and ps = {i'i')- The above Dirac equation suggests the 
effective nucleon mass definition, 



■Y/2 



' ^2 D' ^3 



M* = M- G';ps - A' pi - B'p 



(68) 



that is exactly the same expression given in Eq. fl56l) . 

The mean-field equations of state will come from the energy-momentum tensor, 



rp{MFA) 



■ ^v 



-9f^u 



^(^7°5a - gvl^'Vo - M)ij + ^mlV^ - \g',\^ + ^G"/(V^)2 



1 

-i 

2 



- fA^ + f(V^^)^-fA^ + f (V^^)^ 



+ ii'lady^ 



A' 



-\G'^i.i^f - ^(^^)^ - ^(^V^)^ + \mlV,^ - \g'^\^ 



3 4 



The density energy is obtained from 



(69) 



= \g?pI + ^P^ + ^-^Pt - \G'y'p' + Ig'^'X' + y A^ + ^X' + ^ (^7o^ 



"^'■^ ^'^^ ' ^•/-".ao^>,(70) 



where we have used Eq. (!66|) . 

The quantity ? (V'Tof^o^) is found by using the dispersion relation fco = fi'vK) + (^^ + 
j^^* y/2 _ Qi^ p _|_ ^^2 _|_ j^^* -11/2^ where fco is the fourth energy-momentum component. 
This leads to 



o'-^y P + ij^s Ps + "/'s + ^ 






^-^Pt + ^Gf A^ + 4^A^ + ^A^ 
^ rs 2 ^ 3 4 



^ 2vr2 Jo 
The pressure is obtained by 

P =1 {Tu) 



(71) 



-tjry p - -Org p^ 



- 2WP 



^Pf - \g's'\' - y A^ - f A^ + \^ {^lAi^) .(72) 



rs /I rs r\^ s ' q 
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By extracting i (^tp'Jidi'ip) from the the Dirac equation, the pressure can be written as 
follows 

p_ V' ^n2 V'^n2 '^^'n^ ^^'n^ ^^'^A^ ^' A3 ^' A^ 

The auxiliary A field are decoupled from the fermionic sector. Its contribution either to 
the pressure or to the energy shall indeed be dropped by the physical requirement that the 
pressure goes to zero when kp vanishes, implying that only the trivial solution, A = 0, of Eq. 
( 163|) should be kept. Therefore the energy density and the pressure become, respectively 

£ = \G'y'p^ + \g','pI + Ia'pI + ^B'pt + ^ f\k^ + M*Y'k'dk (74) 

/ / d 4 zn Jq 



p = -G'y'p^ - -Gf p' - -A'pI - -B'pt + -^ / -—J^^—dk. (75) 



and 

^"2^^^ 2^^^^ 3^^"^^ 4^^^ ' 67r2 7o (F + M*2)i/2' 
Notice that the equations above of the MNLW model are identical to Eqs. ( I52l) . and ( l53ll 
of the NLPC ones, what shows that the former can be also obtained from the mean-field 
approximation at the level of the EOS instead of the Lagrangian density framework shown 
by the hypermassive limit taken in the Section II. 

IV. CONCLUSION 

If one performs a hypermassive meson limit to usual NLW models, baryonic NLPC models 
are not obtained. We have shown that in order to obtain NLPC models, a modification of 
NLW models are needed, already at the level of the Lagrangian density. In this work we 
derived the point-coupling models from a modified NLW by using the hypermassive meson 
limit in the functional integral method. From this approach we shown how the linear PC 
models can be obtained from the Walecka ones, and in the same way, how the MNLW 
model generates the NLPC one. This relation among MNLW and NLPC is described as 
equivalences of the physical content of these models encoded in their irreducible algebra of 
fields in the infinite meson masses limit. In addition, we also use the no-sea approximation to 
construct the equations of state of the MNLW model. We remark that even in this alternative 
way (without taking the hypermassive meson limit) the EOS are exactly the same of the 
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NLPC ones. Therefore, to treat MNLW model either from the meson hypermassive hmit or 
alternatively to treat directly from the mean field approach leads to the same NLPC models. 

ACKNOWLEDGEMENTS 

This work was supported by the Brazilian agencies FAFERJ, CAPES (Proc. BEX 
0885/11-8), CNPq, and FAPESP. 



[1] 
[2] 
[3] 
[4] 

[5 

[6] 
[7] 

[8 

[9 

[lo; 

[11 

[12 
[13 

[14 
[15 



L. H. Thomas, Phys. Rev. 47, 903 (1935). 

V. Efimov, Phys. Lett. B 33, 563 (1970). 

R. D. Amado, and J. V. Noble, Phys. Lett. B 35, 25 (1971); Phys. Rev. D 5, 1992 (1972). 

S. K. Adhikari, A. Delfino, T. Frederico, I. D. Goldman, and L. Tomio, Phys. Rev. A 37, 3666 

(1988); S. K. Adhikari, A. Delfino, T. Frederico, and L. Tomio, Phys. Rev. A 47, 1093 (1993). 

A. Delfino, T. Frederico, and L. Tomio, Few-Body Systems 28, 259 (2000); for a review see 

E. Braaten, and H. W. Hammer, Phys. Rep. 428, 259 (2006). 
J. A. Tjon, Phys, Lett. B56, 217 (1975). 

F. Coester, S. Cohen, B. D. Day and C. M. Vincent, Phys. Rev. C 1, 769 (1970); A. Delfino, 
J. B. Silva, and M. Malheiro, ibid. 73, 037311 (2006). 

A. Delfino, T. Frederico, V. S. Timoteo, and L. Tomio, Phys. Lett. B 634, 185 (2006). 

B. A. Nikolaus, T. Hoch, and D. G. Madland, Phys. Rev. C 46, 1757 (1992). 

D. Vretenar, Eur. Phys. J ST176, 37 (2008); P. FineUi, N. Kaiser, D. Vretenar, and W. Weise, 

Nucl. Phys. A 791, 57 (2007). 

O. Lourenco, R. L. P. G. Amaral, M. Dutra, and A. Delfino, Phys. Rev. C 80, 045209 (2009). 

O. Lourenco, M. Dutra, A. Delfino, and J. S. Sa Martins, Phys. Rev. C 81, 038201 (2010). 

O. LoureuQo, M. Dutra, A. Delfino, and R. L. P. G. Amaral, Int. J. Mod. Phys. E 16, 3037 

(2007). 

B. D. Serot, and J. D. Walecka, Adv. Nucl. Phys. 16, 1 (1986). 

G. Morchio, D. Pierotti and F. Strocchi, Ann. Phys. 188, 217 (1988); F. Strocchi Selected 
Topics on The General Properties of Quantum Field Theory (Lecture Notes on Physics vol 
51) (Word Scientific, Singapore, 1993).. 



17 



[16] C. G. Carvalhaes, L. V. Belvedere, H. Boschi-Filho and C. P. Natividade, Ann. Phys. 258, 

210 (1997); C. G. Carvalhaes, L. V. Belvedere, R. L. P. G. Amaral and N. A. Lemos, Ann. 

Phys. 269, 1 (1998). 
[17] W. Greiner and J. Reinhardt, Field Quantization (Springer, Heidelberg, 1996); P. Ramond, 

Field Theory (Benjamin/Cummings Publishing Company, Massachusetts, 1981); A. Das, Field 

Theory: a Path Integral Approach (World Scientific, Singapore, 1993). 
[18] G. Gelmini, and B. Ritzi, Phys. Lett. B 357, 431 (1995); A. Delfino, M. Malheiro, and T. 

Frederico, Braz. J. Phys. 31, 518 (2001). 
[19] L. F. Canto, P. R. S. Gomes, R. Donangelo, and M. S. Hussein, Phys. Rep. 424, 1 (2006). 
[20] J. Boguta, and A. R. Bodmer, Nucl. Phys. A 292, 413 (1977). 

[21] P. Ring, and P. Schuck, The Nuclear Many-Body Problem (Springer- Verlag, Berlin, 2000). 
[22] Y. Sugahara, and H. Toki, Nucl. Phys. A 579, 557 (1994); H. Toki, D. Hirata, Y. Sugahara, 

K. Sumiyoshi, and I. Tanihata, Nucl.. Phys. A 588, 357c (1995). 
[23] D. A. Fogaca, L. G. F. Filho, F. S. Navarra, Nucl. Phys. A819, 150 (2009); D. A. Fogaga, 

and F. S. Navarra, Phys. Lett. B 639, 629 (2006). 
[24] S. Typel and H. H. Wolter, Nucl. Phys. A 656, 331 (1999); S. S. Avancini, L. Brito, D. P. 

Menezes, and C. Providencia, Phys. Rev. C 70, 015203 (2004); S. S. Avancini, L. Brito, Ph. 

Chomaz, D. P. Menezes, and C. Providencia, Phys. Rev. C 74, 024317 (2006). 
[25] A. Delfino, F. S. Navarra, M. Nielsen, R. B. Prandini, and M. Chiapparini, Mod. Phys. Lett. 

A 14, 1615 (1999). 
[26] T. Frederico, B. V. Carlson, R. A. Rego, and M. S. Hussein, J. Phys. G 15, 297 (1989); J. 

Dey, L. Tomio, M. Dey, and T. Frederico, Phys. Rev. C 44, 2181 (1991); E. F. Batista, B. V. 

Carlson, and T. Frederico, Nucl. Phys. A 697, 469 (2002). 
[27] A. Sulaksono, T. Buervenich, J. A. Maruhn, P. -G. Reinhard, and W. Greiner, Ann. Phys. 

308, 354 (2003). 



18 



